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解液离子电导率的影响很小；DMMP 的加入对 LiCoO2/Li 半电池的电化学性能影
响较小； DMMP 的加入会造成 CAG/Li 半电池、CMS/Li 半电池首次不可逆容
量增大，但并不影响电池的循环稳定性。 
其次，阻燃添加剂 DEHEX 对电解液阻燃性能的改善效果优于阻燃添加剂
DEPH；无论是 LiCoO2/Li 还是 CMS/Li 半电池，使用 DEHEX 系电解液的电池的
电化学性能均优于使用 DEPH 系电解液的电池的电化学性能； 
再次，DEHEX 的加入对电解液离子电导率的影响很小， DEHEX 与 LiCoO2
















最后，通过循环伏安研究、EIS 分析、XPS 分析、SEM 分析对阻燃添加剂
DEHEX 的作用机理进行了初步的研究。结果表明，DEHEX 可能参与了电极/电
解液界面 SEI 膜的形成，DEHEX 的加入有利于在电极/电解液界面形成均匀稳定
的 SEI 膜，从而改善 DEHEX 与石墨类负极材料 CMS 的兼容性。 
综上所述，阻燃添加剂 DEHEX 具有较好的阻燃性能，与锂离子电池 LiCoO2
正极材料、CMS 负极材料均具有较好的兼容性，DEHEX 的加入对 LiCoO2 正极
材料、CMS 负极材料的充放电比容量以及循环性能影响很小。可能是因为
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Abstract 
Lithium ion battery is one of the most important new energy storages in the future. 
It has many advantages, such as high specific capacity, high power density in volume, 
high voltage, good cycling performance and so on. It is now widely used as energy 
storage device for portable electronic devices, and will be used for hybrid electric 
vehicle(HEV) and electric vehicle(EV) applications. Electrolyte is a very important 
component for the lithium ion battery. It could influence the electrochemical 
performance and the safety characteristics of lithium ion battery. Safety problems 
have become one of the most important issues for the development of lithium ion 
battery. Adding flame retardants into the state-of-the-art nonaqueous electrolyte can 
lower the flammability of the electrolyte and improve the safety characteristics of 
lithium ion battery. Phosphonate is an important flame retardant additive for lithium 
ion battery. However, most of the phosphonates have poor compatibilities with the 
graphite anode materials, because they would strain into the graphite structure and 
cause exfoliation. The compatibility between phosphonate and graphite anode could 
be improved by adding film-formation additive, such as VEC. 
In this paper, a series of phosphonates with 1-alkynl functional group were 
prepared, including Diethyl hex-1-ynylphosphonate (DEHEX), Diethyl 1- 
phenylethynyl phosphonate (DEPH) and so on. They were used as novel flame 
retardant additives or co-solvents for lithium ion battery. We study the flammability 
and conductivity of the DEHEX-based, DEPH-based and DMMP-based electrolyte. 
And the compatibility of flame retardants with electrode materials, including LiCoO2 
cathode material and CMS anode material, and the cyclic voltammeter characteristics 
of electrode materials in flame retardants-based electrolytes were also investigated 
and discussed. In addition, the possible mechanism of flame retardant DEHEX was 
also discussed by the results of some techniques. The main conclusions are as follows: 
First of all, DMMP-based electrolyte showed good ionic conductivity and flame 















compatibility with CAG, CMS anode materials. DMMP addition caused the increase 
of the first irreversible capacity loss in both CAG/Li half cells and CMS/Li half cells. 
Secondly, the flame retardance of DEHEX-based electrolyte was better than that 
of DEPH-based electrolyte. And cells with DEHEX-based electrolyte showed better 
electrochemical performance than that of DEPH-based electrolyte, either in 
LiCoO2/Li half cells or in CMS/Li half cells. 
Thirdly, DEHEX-based electrolyte showed good ionic conductivity. DEHEX 
were compatible with LiCoO2 cathode material and CMS anode materials. Cells with 
DEHEX-based electrolyte showed good electrochemical performance, either in 
LiCoO2/Li half cells or in CMS/Li half cells. 
Finally, We discussed the possible mechanism of flame retardant DEHEX by the 
results of cyclic voltammeter analysis, EIS analysis, XPS analysis and SEM analysis. 
We proposed that DEHEX was reduced during the SEI layer formation. A stable SEI 
layer was formed due to the reduction of DEHEX. The stable SEI layer could prevent 
the DEHEX straining into the graphite structure and avoid exfoliation. Therefore, the 
compatibility between DEHEX and graphite anode materials was improved. 
In a word, flame retardant DEHEX showed good flame retardance, excellent 
compatibility with both LiCoO2 cathode materials and CMS anode materials. This 
may be due to the formation of the stable SEI layer, which could suppressed the 







Keywords: Lithium Ion Battery; Flame Retardant Additive; Phosphonate; SEI layer; 
Dimethyl methyl phosphonate (DMMP); Diethyl hex-1-ynylphosphonate (DEHEX); 
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